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WK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*2FWREHU
7LUJX0XUHV5RPDQLD
0RXVH&XUVRU&RQWURO6\VWHP%DVHGRQ+DQG*HVWXUH
+RUDWLX6WHIDQ*ULID&RUQHO&ULVWLDQ)DUFDVD
D³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV1,RUJD7LUJX0XUHV5RPDQLD
$EVWUDFW
7KH DSSDULWLRQ RQPDUNHW RI WKH ORZFRVWZHEFDPVZLWK DW OHDVW VDWLVIDFWRU\ TXDOLWLHV RSHQXSQHZGLUHFWLRQV UHJDUGLQJ WKH
LPSOHPHQWDWLRQRIKXPDQFRPSXWHU LQWHUDFWLRQ+&, LQWHUIDFHV7KHSDSHUSUHVHQWVD+&, LQWHUIDFHIRUPRXVHFXUVRUFRQWURO
7KHSXUSRVHRIWKHLPSOHPHQWHGVROXWLRQLVWRFRQWUROWKHPRXVHFXUVRUE\XVHUKDQGJHVWXUHVFDSWXUHGWKURXJKDZHEFDP)RU
LPSURYLQJWKHJHVWXUHUHFRJQLWLRQEDVHGRQWKHIOXFWXDWLRQRILOOXPLQDQFHOHYHOVWKHILQJHUVWULSVFRORUGHWHFWLRQZDVXVHG7KH
UHVXOWVUHYHDOWKHJRRGEHKDYLRURIWKHV\VWHPLQORZOLJKWFRQGLWLRQ
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH³3HWUX0DLRU´8QLYHUVLW\RI7LUJX0XUHV)DFXOW\RI(QJLQHHULQJ
.H\ZRUGVPRXVHFRQWUROKDQGJHVWXUHKXPDQFRPSXWHULQWHUDFWLRQ
,QWURGXFWLRQ
7KHHYROXWLRQRI WKH8VHU ,QWHUIDFH 8,ZLWQHVVHG WKHGHYHORSPHQW IURP WH[WEDVHG8,EDVHGRQNH\ERDUG WR
JUDSKLFDO8,EDVHGRQPLFH,QFXUUHQWYLUWXDOHQYLURQPHQWVDSSOLFDWLRQVNH\ERDUGVPLFHDQGMR\VWLFNVDUHVWLOOWKH
PRVW SRSXODU DQG GRPLQDQW GHYLFHV +RZHYHU WKH\ DUH LQFRQYHQLHQW DQG XQQDWXUDO>@ 5HVHDUFK LQ +XPDQ
&RPSXWHU,QWHUDFWLRQ+&,SULPDULO\GHDOVZLWKWKHGHVLJQLPSOHPHQWDWLRQDQGDVVHVVPHQWRIQHZLQWHUIDFHVIRU
LPSURYLQJ WKH LQWHUDFWLRQ EHWZHHQ KXPDQV DQG PDFKLQHV VR WKDW LW EHFRPH QDWXUDO ZLWKRXW WKH XVH RI DQ\
PHFKDQLFDOGHYLFHV>@7KHQH[WIHZUHFHQWO\VWXGLHVPD\EHHQRXJKWRHQFRXUDJHWKHUHVHDUFKSURMHFWVLQWKHILHOG
RI+&,.KXQGDPLQWURGXFHLQ>@DQLQWHUDFWLYHKDQGJHVWXUHV\VWHPIRUFRQWUROVWHHULQJDQGVSHHGIRUPRYHPHQW
LQYLUWXDOUHDOLW\957KHV\VWHPLVEDVHGRQWKHKDQGSDOPGLUHFWLRQDQGGLVWDQFHIURPXVHUXVLQJ2FXOXV5LIWDQG
/HDS0RWLRQGHYLFHVIRU95,Q>@WKHDXWKRUVSURSRVHDKXPDQ'79LQWHUDFWLRQPHWKRGYLDWKHXVHRIDYLUWXDO


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'LQWHUIDFH%DVHGRQVLPSOHJHVWXUHVFDSWXUHGYLDWKH.LQHFWVHQVRUWKHXVHUFDQPDQLSXODWH'79IDVWHUVDQG
PRUH DFFXUDWH WKDQ DQ H[LVWLQJ SURGXFW WKH\ XVHG IRU SHUIRUPDQFH FRPSDULVRQ $ ' KDQG WUDFNLQJ XVLQJ WZR
FRPPRQ ZHEFDPV LV SURSRVHG LQ >@ )RU D EHWWHU KDQG GHWHFWLRQ LQ WKH VHJPHQWDWLRQ VWHS WKH DXWKRUV XVH DQ
DGDSWLYHKXHVNLQFRORUILOWHUFRPELQHGZLWKDWHPSODWHILOWHU,Q>@WKHDXWKRUVDUHIRFXVHGLQILQGLQJVRPHSRLQWV
RQWKHKDQGFRQWRXUZKLFKFDQEHXVHGLQKDQGJHVWXUHFRQWURODSSOLFDWLRQ7KHSDSHUKLJKOLJKWVWKHGHILQLWLRQRIWKH
KDQGSRLQWVRILQWHUHVWWKHJHQHUDODOJRULWKPXVHGIRUWKHLUILQGLQJDQGVRPHSUHOLPLQDU\UHVXOWV,Q>@LPSOHPHQWHG
DQDWXUDOXVHULQWHUIDFHEDVHGRQKDQGGHWHFWLRQDQGWUDFNLQJXVLQJDZHEFDP%HFDXVHRIWKHORZTXDOLW\FDPHUD
WKHLUSXUSRVHZDVTXLWHFRPSOH[VRWKDWWKHLUDOJRULWKPVEHFRPHTXLWHFRPSOH[FRPELQLQJDQXPEHURIGLIIHUHQW
WHFKQLTXHV DQG DOJRULWKPV VXFK DV VNLQ GHWHFWRU EDVHG RQ KLVWRJUDPV EDFNJURXQG VXEWUDFWLRQ DQG D FOXVWHULQJ
DOJRULWKP DQRSHQ KDQGGHWHFWRU DQG DPRGLILHGSDUWLFOH DOJRULWKP ,Q >@ LV SURSRVHG DPHWKRG IRU WZR KDQGV
JHVWXUHGHWHFWLRQXVLQJD.LQHFWVHQVRU7KHLUDOJRULWKPVWDUWVZLWK/DEFRORUVNLQVHJPHQWDWLRQIRUILQGLQJWKH
KDQGVFRQWLQXH LI LQ LPDJHDUH WZRKDQGZLWK.PHDQVFOXVWHULQJIRUVHSDUDWLQJ WKHKDQGVDQGILQLVKZLWK WKH
ILQGLQJRIWKHILQJHUWLSVEDVHGRQWKHKDQGVFRQYH[KXOO ILQGLQJWKURXJKWKHVRFDOOHGE\WKHDXWKRUV WKH*UDKDP
DOJRULWKP7KHSUDFWLFDOWHVWVXVHGE\WKHDXWKRUVUHYHDOWKHUREXVWQHVVDQGWKHHIIHFWLYHQHVVRIWKHLUPHWKRG
7KHV\VWHPDUFKLWHFWXUH
7KHDLPRIWKHLPSOHPHQWHGV\VWHPLVWRFRQWUROWKHZLQGRZVPRXVHFXUVRUXVLQJWKHKXPDQKDQGJHVWXUHV7KH
V\VWHP )LJ D LV FRPSRVHG E\  FRPSXWHU  H[WHUQDO ZHEFDP *HQLXV )DFH&DP   KDQG SDG
)ROORZLQJWKHEORFNGLDJUDPIURP)LJEWKHVRIWZDUHDSSOLFDWLRQZKLFKUXQVRQWKHFRPSXWHUWDNHVDQLPDJHD
FDSWXUHGIUDPHLPDJHRIWKHKDQGSDGDUHDZKHUHWKHXVHUXVHVKLVKDQGDVDPRXVHWKURXJKWKHH[WHUQDOZHEFDP
DQGSURFHVVLWUHJDUGLQJWKHWUDFNLQJRIWKHXVHUKDQGDQGUHFRJQLWLRQRIWKHKDQGJHVWXUH7KHSRVLWLRQRIWKHKDQG
RQWKHLPDJHZLOOEHFRQYHUWHGLQWKHSRVLWLRQRIWKHPRXVHFXUVRURQWKHFRPSXWHUGLVSOD\7KHUHFRJQL]HGKDQG
JHVWXUH LV FRQYHUWHG LQ D PRXVH HYHQW DV OHIW FOLFN ULJKW FOLFN RU GRXEOH FOLFN 7KH FRQVLGHUHG JHVWXUHV
FRUUHVSRQGLQJWRWKHPRXVHHYHQWVDERYHPHQWLRQHGDUHSUHVHQWHGLQ)LJE)LJFDQG)LJG$KDQGJHVWXUHLV
FRQVLGHUHG DV UHFRJQL]HG LI LV GHWHFWHG WKH FRUUHVSRQGLQJ FRORUHG VWULSVWULSV ,Q )LJ D LV SUHVHQWHG WKH GHIDXOW
JHVWXUHXVHGIRUPRXVHSRLQWHUFRQWURO7KHFHQWHURIWKHUHGEXWWRQLVFRQVLGHUHGWKHSRVLWLRQRIWKHKDQG

 
)LJD6\VWHPRYHUYLHZE%ORFNGLDJUDPRIWKHDSSOLFDWLRQ>@
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   
)LJD0RXVHSRLQWHUFRQWUROJHVWXUHZLWKDUHGEXWWRQDWWDFKHGRQWKHWLSRIWKHILQJHUE/HIWFOLFNFRQWUROJHVWXUHZLWKDJUHHQVWULS
DWWDFKHGWRWKHOHIWILQJHUF5LJKWFOLFNFRQWUROJHVWXUHZLWKDEOXHVWULSDWWDFKHGWRWKHULJKWILQJHUG'RXEOHFOLFNFRQWUROJHVWXUHZLWKERWK
JUHHQDQGEOXHVWULSVDWWDFKHGWRWKHILQJHUV
7KHSURSRVHGSURFHGXUH
,QRUGHUWRDFKLHYHWKHPRXVHFXUVRUFRQWUROWKHDXWKRUVXVHGWKHIROORZLQJDOJRULWKPEDVHGRQFRORUGHWHFWLRQ
DQGJHVWXUHLQWHUSUHWDWLRQ
6WHS$FTXLUHWKHLPDJHRIWKHKDQGSODFHGRQWKHKDQGSDG
6WHS5HPRYHWKHQRLVHIURPWKHDFTXLUHGLPDJHXVLQJD[*DXVVLDQILOWHU
6WHS+DQGWUDFNLQJDQGKDQGJHVWXUHUHFRJQLWLRQ
 6WHS6WULSVDQGEXWWRQFRORUVHJPHQWDWLRQ
 6WHS0RUSKRORJLFDOHURGHDQGGLODWHRSHUDWLRQV
6WHS'HWHUPLQDWLRQRIKRZPDQ\VWULSVDUHSUHVHQWLQLPDJHQRQHRQHRUWZR
6WHS5HFRJQLWLRQRIWKHSHUIRUPHGKDQGJHVWXUH
6WHS %DVHG RQ WKH UHFRJQL]HG KDQG JHVWXUH VHQG WKH FRUUHVSRQGLQJ FRPPDQGV WR WKH RSHUDWLQJ V\VWHP IRU
PRXVHFRQWURO
6WHS-XPSWR6WHS

%HIRUHVWDUWLQJWKHDSSOLFDWLRQIRUHYHU\XVHGFRORUVWULSVFRORUVEXWWRQFRORUWKHDXWKRUVILUVWGHWHUPLQHGWKH
FRUUHVSRQGLQJ+69>@FRPSRQHQWVLQWHUYDOVDQGVDYHWKHOLPLWVLQWHUYDOV7KHVHOLPLWVDUHXVHGWRDFKLHYHWKHFRORU
VHJPHQWDWLRQ(DFKSL[HOIURPWKHFRORULPDJHZLWKLWV+69FRORUFRPSRQHQWVLQVLGHRIWKHLQWHUYDOVEHFRPHZKLWH
SL[HOLQWKHELQDU\LPDJHRWKHUZLVHEHFRPHEODFNSL[HO
7KHPRUSKRORJLFDO HURGH RSHUDWLRQ LV XVHG WR UHPRYH WKH XQZDQWHGZKLWH SL[HOV VSHFNOHVZKLFK FDQ DSSHDU
DIWHUFRORUVHJPHQWDWLRQ7KHVHVSHFNOHVLIDUHQRWUHPRYHGIURPLPDJHWKH\ZLOOFDXVHGHVWDELOL]DWLRQRIWKHPRXVH
PRYHPHQWVDQGLQWHUIHUHQFHVLQPRXVHFRPPDQGV7KHHURGHRSHUDWLRQDIIHFWWKHODUJHUHJLRQVRISL[HOVRIVLPLODU
LQWHQVLW\7RUHGXFHFRUUHFWWKHHURGHHIIHFWLVDSSOLHGDGLODWHRSHUDWLRQ
$VWULSRUWKHEXWWRQLVGHWHFWHGDVSUHVHQWLQWKHLPDJHLIWKHQXPEHUVRIWKHSL[HOVWKDWEHORQJWRLWDUHJUHDWHU
WKDQDWKUHVKROGZKLFKLQWKLVSDSHULVFRQVLGHUHGWREH,QWKLVPDQQHULVGHWHUPLQHGWKDWWKHFRORUGHWHFWHGZDV
LQIDFWSURGXFHGE\WKHXVHUZLWKWKHLQWHQWRIJLYLQJDPRXVHFRPPDQGRUWKHUHDUHRQO\LQWHUIHUHQFHVRQWKHKDQG
SDG7KLVLGHDZDVXVHGIRUKHOSLQJWKHXVHUKDYHDEHWWHUH[SHULHQFHZKHQXVLQJWKHDSSOLFDWLRQDQGIRUVWDELOL]LQJ
WKHPRXVHPRYHPHQW
7KH KDQG JHVWXUHV DUH UHFRJQL]HG LI WKH FRUUHVSRQGLQJ FRORU IRU VLQJOH FOLFN RU PRXVH FXUVRU PRYH RU WKH
FRUUHVSRQGLQJFRPELQDWLRQRIFRORUVIRUGRXEOHFOLFNZDVGHWHFWHG
([SHULPHQWDOUHVXOWV
7KHSURSRVHGSURFHGXUHZDV LPSOHPHQWHGLQ&ODQJXDJHXVLQJWKH2SHQ&9/LEUDU\8VHIXOLQIRUPDWLRQDERXW
WKHGHVFULSWLRQDQGWKHXVHRIWKHIXQFWLRQVIURPWKLVOLEUDU\FDQEHIRXQGLQ>@
7KHDSSOLFDWLRQZDV WHVWHGIRUGLIIHUHQW LOOXPLQDQFH OHYHOV VHH7DEOHRQ WKHKDQGSDGDUHDSURGXFHGE\DQ
HOHFWULF OLJKW V\VWHP 7KH HOHFWULF OLJKW ZDV SURGXFHG E\ WZR : IOXRUHVFHQW ODPSV 7KH GLIIHUHQW OHYHOV RI
LOOXPLQDQFHIRUWKHHOHFWULFOLJKWZHUHREWDLQHGE\XVLQJWKHDXWRPDWLFOLJKWLQJFRQWUROV\VWHPXVHGLQ>@ZKLFK
FRQWUROWKHIOXRUHVFHQWODPSVPHQWLRQHGEHIRUH7KHSXUSRVHRIWKHDXWRPDWLFOLJKWLQJFRQWUROV\VWHPLVWRPDLQWDLQ
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FRQVWDQWWKHGHVLUHGLOOXPLQDQFHOHYHOVHWE\WKHXVHURQWKHZRUNLQJSODQHWKHVXUIDFHRIWKHGHVNZKHUHDUHWKH
KDQGSDGLVVLWXDWHG7KHLOOXPLQDQFHRQWKHZRUNLQJSODQHZDVPHDVXUHGXVLQJWKH38DQDORJLFDOOX[PHWHU
$QDO\]LQJWKHGDWDIURP7DEOHWKHDSSOLFDWLRQKDVDYHU\JRRGEHKDYLRUIRULOOXPLQDQFHELJJHUWKDQO[WKH
VXFFHVVIXOUHFRJQLWLRQUDWHLVIRUDOOH[HFXWHGKDQGJHVWXUHV)RUORZLOOXPLQDQFHOHYHOO[WKHV\VWHPKDVD
VXUSULVLQJEHKDYLRUWKHPLQLPXPVXFFHVVIXOUHFRJQLWLRQUDWHLVIRUOHIWFOLFN)RUYHU\ORZOHYHOO[RI
WKH LOOXPLQDQFHRQ WKHKDQGSDGSODQH WKH OHIW FOLFNSUHVHQWVD VPDOOHU VXFFHVVIXO KDQGJHVWXUH UHFRJQLWLRQ UDWH
 WKDQ WKH ULJKW FOLFNZKLFK DFKLHYHG  VXFFHVVIXO UHFRJQLWLRQ UDWH 7KH GLIIHUHQFH DSSHDUV GXH WR WKH
VXUIDFHRI WKHVWULSV7KHJUHHQVWULSVXUIDFH LVDOPRVWKDOIRI WKHEOXHVWULSVXUIDFH&RQVLGHULQJ WKLVREVHUYDWLRQ
LQFUHDVLQJ WKH JUHHQ VWULS VXUIDFH WR HTXDOV WKH EOXH VWULS VXUIDFH WKH V\VWHPPD\ DFKLHYH DQ LQFUHDVH VXFFHVVIXO
UHFRJQLWLRQUDWHRIWKHFRQVLGHUHGJHVWXUHVIRUYHU\ORZLOOXPLQDQFHOHYHO)RUDJLYLQJLOOXPLQDQFHOHYHOWKHQXPEHU
RIGHWHFWHGKDQGJHVWXUHV IRUGRXEOHFOLFNZDVFRQVLGHUHG WKH VDPHZLWK WKHPLQLPXPQXPEHURI WKH UHFRJQL]HG
JHVWXUHVIRUWKHOHIWRUULJKWFOLFN
7KHDXWKRUVDOVRKDYHWHVWHGWKHV\VWHPWKHGXULQJWKHGD\FRQGLWLRQVZKHQWKHLOOXPLQDQFHZDVJUHDWHUWKDQ
O[7KHWHVWVUHYHDOHGDVXFFHVVIXOUHFRJQLWLRQUDWH
7DEOH6XFFHVVIXOKDQGJHVWXUHUHFRJQLWLRQUDWHV
*HVWXUHV
PDGH
ULJKWFOLFN
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      
      
      
      «
&RQFOXVLRQV
7KHSUHVHQWSDSHUFRQWLQXHVWKHVWXGLHVVWDUWHGE\WKHILUVWDXWKRULQFROODERUDWLRQLQ>@DQGFRQWLQXHGLQ>@7KH
DSSOLFDWLRQ SUHVHQWHG LQ >@ LV YHU\ VHQVLEOH WR WKH LOOXPLQDQFH OHYHO FKDQJHV 7KH DSSOLFDWLRQ SUHVHQWHG LQ >@
HOLPLQDWHVWKHGUDZEDFNIURP>@EXWLQWURGXFHDQRWKHUGUDZEDFNWKHUHFRJQLWLRQWDVNLVLQIOXHQFHGE\WKHURWDWLRQ
RIWKHKDQGRQWKHSODQHRIWKHKDQGSDG
7KHDLPRI WKHDSSOLFDWLRQZDVUHDFKHGDQGWKHPRXVHFXUVRUFRQWUROZDVDFKLHYHGXVLQJDQH[WHUQDOZHEFDP
*HQLXV )DFH&DP  D VRIWZDUH WKDW FRXOG LQWHUSUHW VRPH KDQG JHVWXUHV EDVHG RQ GLIIHUHQW FRORUV DQG WKHQ
WXUQHGWKHUHFRJQL]HGJHVWXUHVLQWRRSHUDWLQJV\VWHPFRPPDQGVWKDWFRQWUROOHGWKHPRXVHDFWLRQVRQWKHFRPSXWHU
GLVSOD\VFUHHQ
7KLVDSSOLFDWLRQKDVDQDGYDQWDJHLQXVLQJFRORUGHWHFWLRQIRUJHVWXUHLQWHUSUHWDWLRQEHFDXVHLWFDQEHXVHGLQORZ
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